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Algorithm (Microsoft Excel ==& & &)

Nonlinear Problems

— Microsoft Excel ol & J|0|= Leon Lasdon(Austin2| TexasCH =)t
Allan Waren(Cleveland =& Ciah)0| Jig&et B8 =& D&
Generalized Reduced Gradient(GRG2)Jt At= & LI L},

Linear Problems

— SAdlt = 2hHeE B BHE AHEot= 2Heret 2 (Simplex
Method) 2t John Watsondt Dan Fylstra(Frontline Systems, Inc)J}
st 2712+ 8 H 8 (Branch and Bound Method)0| At& & LI L.

Non-smooth Problems

— Frontline SystemsOfl M JH &St Ct 2FSt genetic algorithm 1t local
search J| & = X & &t Evolutionary Solving MethodJt AtE & LI L.

ol 2|0l AtEEl= LHE ol Z HE 0 Ciet AbAlet & 2

— Frontline Systems, Inc.
P.O. Box 4288

Incline Village, NV 89450-4288
(775) 831-0300, info@solver.com, http://www.solver.com
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GOl — off & J|(Solver)

° O;” X.” X3 i Ers Cost function contours
T 2 2
Minimize f(x)=(x,-1.5)° +(x, -1.5) 2§
- M T '
subjectto g,(x)=x,+x,-2<0 § il g
_ 1N f(x*)=0.5
g 2(X) =-x <0 §
N
g3(X):_x2 SO § g —/\'['*'.\1—‘2—()
0 \\\\\\\i\\\\\\\\é\ ! ek
A B 2 D
1 ' | initial optimum
2
3
4 objective function f  [=(C2-1.5)A2+(C3-1.5)A2
5 |constraints gl =C2+(C3-2
6 | g2 |[=-C2
7 g3 [=-C3
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Some Common Sources of Problems

Time or iteration limit was reached
Precision is too large

Convergence to the solution is too slow
Model is poorly scaled

Choice of initial solution is inadequate

Solution was affected by limitations on finite precision compter
arithmetic

Solution is right and your expectation is wrong
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Test Problems: Unconstrained (1)

. Aquadratic function: f(%,%,)= (% +2x,~7) +(2x +x,-5)

K =[0 of \(x =1 3)
: 2)2 2
Rosenbrock’s parabolic valley: f(%,%,)=100(x, -x°) +(1-x)
A =[-12 10 (¥ =1 1)

2

Beal’s function: f(x,x,)=[15-x(1- xz)]z+[2.25—x1(1—x22)}2+[2.625—xl(1—x23ﬂ
x<>:[1 1] (¥ =[3 os])
Powell’s quartic function:

f()cl,xz,xg,x4):()cl+10x2)2+5(x3—x4)2+(x2—2x3)4+10(x1—x4)4
=3 -1 0 1 (x=[0 0 0 0]
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Test Problems: Unconstrained (2)

Wood'’s function:
£ (%%, ,) =[1o(x2 —xf)]z +(1-x)° +90(x, —x32)2 +(1=x, ) +10(x, +x, —2)F +0.4(x, —x,)
=[-8 4 8 A (¥ =111 1)
Freudenstein and Roth function:
£ (303) = {1345+ (5-3,) %, 2] |+ {294+ +] (3 +1)x, ~14 ],
=[085 -2 (x=[5 4]')

A nonlinear function of three variables:

2
f(xlvxgl-xg,): 1 > +Siﬂ(£7wc2x3j+exp _[M_zj
1+(Xl—x2) 2 x2

=0 1 2] (¥ =11 1)
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Test Problems: Unconstrained (3)

« Fletcher and Powell’s helical valley:

f(xl,xz,x3) :100{[x3 —109(xl,x2)]2 +[\/x12 +x22 —1}2}4.)%2

X, :
arctan=%  ifx, >0

where 27n9(x1,x2) =1 &

7T +arctan2 ifx, <0
X

¥ =[-1 0 o (¥t 0 0]

« Powell’'s badly scaled function:
£ (3.%,) =(10000x,x, ~1)° + exp(—x, ) +exp(—x, ) ~1.0001

=0 1] ,<x* =[1.098x10°° 9.106]T>

« Brown’s badly scaled function:
£(3,3,) = (5 -10°) +(x,~2x10°) + (3, 2)
=11 ,<x* =[10° 2x10° ]T>

2
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Test Problems: Constrained (1)

* Rosen-Suzuki
Minimize f=x"+x," +2x,° —x,  —5x, —5x, —21x, + 7x, +100
subjetto g, =x"+x,"+x,° +x,"+x, —x, +x,—x, —8<0
g, =x" +2x, +x; +2x," —x,—x, —10<0
2 =2x"+X," +x, +2x,—x,—x,—5<0
~100< x, <100
x%'=(0,0,0,0)
x =(-0.180.931.86,—1.16), f~ =+53.7, activeset={1,3}
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Test Problems: Constrained (2)

Betts, J.T., An accelerated Multiplier Method for Nonlinear
Programming, J. of Optimization Theory and Applications, Vol.2,
No.2, Feb. 1977

Minimize f=(x,—1)° +(x, —x,)° +(x; =1 +(x, =1)* + (3, —1)°
subjetto 4 =x,x,° +sin(x, —x,)—2v/2 =0
h, =x, er34x42 —8-+/2=0
-10<x, <10
x%'=(0,0,0,0,0)
X" =(1.166,1.1821.380,1.506,0.610), " =0.24
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Example: Two-bar planar truss design

 The members are thin-walled tubes of steel, pinned together at
the point F where a downward load of magnitude 2P is applied
as shown. We will assume that the wall thickness of the tube is
fixed at some value t and that the half-span is fixed at some
value B. The design problems is to select d = the mean diameter
of the tube, and H= height of the truss.

o = 0.3 Ib/in3

P = 33,000 /b

B =30 in
t=0.1in

E = 30%x10%psi
o,= 100,000 psi
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Formulation & Graphical Solution

mirlzi,znize weight |

subjecttoo <o,
o<0o,
H>0
d=0

height, H

-1<0
)

minimi 2
m|n|m|zef:2pﬂdl(Bz+H2)1/
H.d
2 2)1/2
el ele+?)  |subject to P (B +H) _1<o
S R V2T N o, ntHd
8P(Bz _I_H2)3/2
7*EtHd|d? +1°
( H>0,d>0
55
50 gi(x)=0 &(x)=0
45 s
40 |
" f712‘€ e _,:‘feasibl.e;'egdf;' i
30 F = | sebreileee
i (19?(;0_0) mueaamgf seay
20
15

-
-~
-
~—

| | 1 | | | | I |

| 1 1 | | |

| | |
O 050k S 2 25 335 4. 145§ 458 96

tube thickness, d

65 7 75,885 9 95
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Objective function value

tube tichkness, d

2]
o

(o))
o

N
o

w
o

N
o

-
o

o

Convergence History (1)

Starting from a feasible initial design point (5, 50)

Objective function

—o—MATLAB(SQP,2017)

EXCEL(GRG2,2016)

Iteration
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Convergence History (2)

« Starting from an infeasible initial design point (0.1, 5.0)

w w
o O

25

= N
o O

Objective function value
=

o o,

1 1 1 ! L L
0 1 2 3 4 5 6 7 8 9 10
tube tichkness, d

Objective function
—o—MATLAB(SQP,2017)

EXCEL(GRG2,2016)

f

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Iteration
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